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coupling constants were recorded in Hz. Multiplicity is indicated by s (singlet), d (doublet), t (triplet), q (quartet), dt (doublet of triplets), dq (doublet of quartets) and m (multiplet). Thin layer chromatography was performed using Merck silica gel 60F-254 plates and examined under UV (254 nm) irradiation. Column chromatography was performed using Silica Gel 60N (spherical, neutral, 63-210 µm, Kanto Chemical Co., Inc.). High-resolution mass spectra (HRMS) were recorded using fast atom bombardment (FAB) ionization with a JEOL JMS-700 mass spectrometer. Elemental analyses were performed on a Vario EL elemental analyzer. GLC were recorded on a Shimadzu GC-17A gas chromatograph using a ULBON HR-1 capillary column (0.25 ID × 25 m, Shinwa Chemical Industries Ltd.). 
Spectroscopic data of 1b-H

H NMR (,
(s, NCCCN), 158.0 (s, NCCCN).
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Experimental procedure for X-ray crystallography The data were collected at -50 ± 1 °C to a maximum 2 value of 60°. A total of 744 oscillation images were collected. The crystal-to-detector distance was 45.00 mm. Readout was performed in the 0.068 mm pixel mode. Data were collected using CrystalClear 7 and processed using CrysAlisPro. 8 In the reduction of the data, an empirical absorption correction was applied. The data were corrected for Lorentz and polarization effects.
Crystallographic data and the results of measurements are summarized in Table S1 . The structure was solved by direct methods (SHELXT) 9 for all complexes, and expanded using Fourier techniques.
Least-square refinements were carried out using SHELXL. 10 All non-hydrogen atoms were refined anisotropically. Hydrogen atoms were introduced at the ideal positions and refined using the riding model. In compound 1b-H, the hydrogen atom (H1) bonded to the nitrogen atom (N1) was located at the place determined from difference Fourier maps and refined isotropically. All calculations were performed using the CrystalStructure crystallographic software package. 11 Figure S1 . ORTEP drawing of 1b-H (30% probability of thermal ellipsoids) showing the numbering system. All hydrogen atoms except for H1 have been omitted for clarity. Figure S3 . ORTEP drawings of complex 2b (30% probability of thermal ellipsoids) showing the numbering system. All hydrogen atoms have been omitted for clarity. 
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C2-N1-C6 127.4(2) N1-C2-C1 117.7(2) N1-C2-C3 122.3(2) C1-C2-C3 120.0(3) C2-C3-C4 124.5(3) O1-C4-C3 123.2(2) O1-C4-C5 118.5(3) C3-C4-C5 118.3(3) N1-C6-C7 111.7(2) P1-C7-C6 111.33(16) P1-C8-C9 118.35(18) P1-C8-C13 123.54(19) C9-C8-C13 118.1(2) C8-C9-C10 120.6(3) C9-C10-C11 120.6(3) C10-C11-C12 119.4(3) C11-C12-C13 120.6(3) C8-C13-C12 120.7(3) P1-C14-C15 124.00(18) P1-C14-C19 118.73(18) C15-C14-C19 117.1(2) C14-C15-C16 121.4(2) C15-C16-C17 120.3(3) C16-C17-C18 119.2(3) C17-C18-C19 120.3(2) C14-C19-C18 121.6(2) C2-N1-H1
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DFT calculations
All geometry optimizations were carried out using Gaussian 09 12 at B3LYP 13 2b (E = -5.61 eV) 2b (E = -1.86 eV)
2c (E = -5.23 eV) 2c (E = -1.80 eV) Figure S8 . HOMO and LUMO orbitals for nickel complexes using the Jmol software. 16 Values in the parentheses represent the energies of HOMO and LUMO. After stirring for 24 h at 25 °C, 1 M hydrochloric acid (5 mL) was added to quench the reaction. The products were extracted with Et 2 O and the yields of the products were determined by GLC analysis using octadecane as an internal standard.
Typical procedure for the cross-coupling reaction (Table 3, 
